Ultrasonic attenuation was evaluated in metallic alloys, NixCu1-x( x= 1.00, 0.70, 0.60, 0.45 and 0) due to phonon-phonon (p-p) interaction and thermoelastic loss in a wide temperature region along (110) crystallographic direction for longitudinal and shear waves. Ultrasonic Grüneisen parameters, nonlinearity constants and ultrasonic attenuation due to p-p interaction and thermoelastic loss were determined from 50 K to 500 K using the Born-Mayer and electrostatic potentials. The results were compared with available experimental results.
Introduction
Ultrasonic attenuation studies have been recently made in metals [1] [2] [3] , semiconduction [4, 5] and dielectric materials [6, 7] as a function of temperature, frequency and direction of propagation. From all these studies it is well established that at higher temperatures, i.e. 50 K and above, phonon-phonon interaction is the dominant cause of the ultrasonic attenuation in all types of solids. In metals, due to higher thermal conductivity, a part of total ultrasonic attenuation arises due to thermoelastic loss, too. In the present investigation we made theoretical evaluation of the ultrasonic absorption coefficient (upon frequency square) in Ni, Ni70Cu30, Ni60Cu40, Ni45Cu55 and Cu as a function of temperature along (110) direction for longitudinal and shear waves, and shear waves polarized along (001) and (11O) directions. A model potential consisting of electrostatic and Born-Mayer [8] type potentials was used to evaluate second-and third-order elastic constants (SOEC and TOEC) of these alloys and metals, using nearest-neighbour distance and hardness parameter of the substance as input data.
Theory

Theory of elastic constants
The potential used for evaluation of SOEC and TOEC is c r (1)
where c is electrostatic potential and r is repulsive potential given as c = z2e2/r and = A exp (-r/p) (2) Following Brugger,s [9] definition of elastic constants, and starting from nearest-neighbour distance and hardness parameter of the substance and taking interactions effective up to second nearest-neighbour distance, SOEC and TOEC were obtained at absolute zero as shown in Table I . According to the lattice dynamics developed by Leibfried et al. [10}, lattice energy changes with temperature, hence adding vibrational energy contribution to elastic constants at absolute zero one gets Cij and Cijk (SOEC and TOEC) at required temperature as where superscript 0 has been used to denote SOEC and TOEC at absolute zero. αij and aijk are defined as where avibij and avibijk are various constants as given in TableII, various Gn appearing in Table II have been given in Table III . l1 is a function of nearest-neighbour distance and hardness parameter and for face centred cubic crystals given as
Ultrasonic attenuation due o phonon-phonon interaction
Ultrasonic attenuation due to phonon-viscosity mechanism (p-p interaction) [11] is given as The above expression in Akhiezer regime [12] (τ t hω << 1) reduces to for longitudinal and shear waves respectively. Γ is nonlinearity coupling constant (subscripts 1 and s denote longitudinal and shear waves respectively), E0 is energy density of the crystal, d is density, vI being longitudinal wave velocity and υs shear wave velocity and τth is thermal relaxation time given as where k is thermal conductivity, Cυ is specific heat per unit volume and (υ) is the Debye average velocity obtained as F is obtained as where ( ij) and ( ij2) are average and square average Grüneisen numbers [11] .
Ultrasonic attenuation due to thermoelastic loss (α/f 2 )th is obtained as For shear waves (γij) becomes zero, hence there is no thermoelastic loss due to propagation of shear waves.
Evaluation
Taking nearest-neighbour distance [13] (Ni = 2.489, Ni70Cu30 = 2.516, Ni60Cu40 = 2.516, Ni45Cu55 = 2.526 and Cu = 2.558, all in Å) and hardness parameter [14] of the substances, SOEC and TOEC were obtained at different temperatures using the theory developed above. SOEC and TOEC thus obtained were used to obtain (γ ij) and (γi j 2 ) a l o n g ( 1 1 0 ) Table V for different atomic concentrations of Cu in Ni. The ratio lies between 1 to 2 for shear wave polarized along the (001) direction and is less than 1 for the polarization along the (110) direction, like other substances [5] . Thermal relaxation time ґth (Table V) first increases with temperature and at higher temperatures it attains the saturation value as in the case of other metals [1] . From the magnitude Of thermal relaxation time one can check the validity of the condition ω ґth << 1 in the ultrasonic frequency range. (α/ f2) at different temperatures has been shown for longitudinal and shear waves in Figs. 1-5 . From the Though no experimental results have been available for these alloys yet, we expect our values to be correct, seeing the agreement between theoretical and experimental values for Ni. The magnitude of the attenuation in the case of these metallic alloys is of the same order as observed in metals [1] . Ultrasonic attenuation due to thermoelastic loss has been shown in Fig. 6 at different temperatures. (α/f2 )th for alloys and metals studied increases with temperature like in metals [1] .
Thus, it can be concluded that the metallic alloys behave more or less like metals as far as their ultrasonic attenuation properties are concerned.
